Unless otherwise specified, NMR data were measured at 30 o C using Varian spectrometers with nominal 1 H frequencies of 600, 500, and 400 MHz. 1 H NMR signals are given followed by multiplicity, coupling constants J in Hertz, integration in parentheses. For complex coupling patterns, the first coupling constant listed corresponds to the first splitting listed, e.g. for (dt, J = 3.2, 7.9, 1H) the doublet exhibits the 3.2-Hz coupling constant.
Catalyst 1 was made essentially as reported previously; 1 PS-1 and PSL-1 were both made as described previously. 2 
Procedures for Catalytic Isomerization Reactions Using Catalyst 1, PS-1, and PSL-1
General procedure for catalytic reactions: In a glovebox, internal standard (Me 3 Si) 4 C (small weighed amount, typically 0.5 mg) and substrate (0.50 mmol) were combined with acetone-d 6 (~700 µL), and an initial NMR spectrum was acquired. Back in the glovebox, to this mixture was added catalyst 1 [(6.0 mg, 0.01 mmol; 2 mol%) or (26 to 108 μL of 0.01 mM stock solution) or (20 μL of 0.0250 mM stock solution)], PS-1 [(14.7 mg, 0.01 mmol; 2 mol)], or PSL-1 [(15.5 mg, 0.01 mmol; 2 mol%)] followed by enough acetone-d 6 to reach a final volume of 1.0 mL. The reaction was allowed to proceed at room temperature (and mixed via nutator for PS-1 and PSL-1), however if the mixture was heated at 70 o C in an oil bath, it was done so for the times given. Unless otherwise specified, spectra were acquired at NMR probe temperature of 30 o C.
The value of the integral for the singlet due to the internal standard, (Me 3 Si) 4 C, was set equal to 10.00 integral units in each case. Data were acquired using either a Varian 400 MHz or 500 MHz spectrophotometer, with sixteen 15 o pulses and 20 second delays between pulses. Tables below show key NMR resonances which could be used to reliably determine yields. The remaining 1 H resonances for starting material and product overlapped and so were not used. Approximate limits of detection 0.1-0.5%.
Stock solution of catalyst 1 for experiments using loadings 0.01-0.5 mol%: In the glove box, a 2 mL volumetric flask was charged with catalyst 1 (12.1 mg, 0.0199 mmol). The volumetric flask was filled to the 2 mL mark with deoxygenated acetone-d 6 to generate a catalyst stock solution (0.01 mM) for reactions that utilize low catalytic loading (0.01 mol%-0.5 mol%) of catalyst 1.
Manuscript Table 1 , entry 1: Isomerization of estragole using 0.05 mol% 1. Following the general procedure, allyl anisole 2 (76.5 mg, 0.50 mmol) and catalyst 1 (26.2 μL of 0.01 mM stock solution, 0.262 μmol, 0.05 mol%) were used. The reaction proceeded at room temperature. For the trans-anethole (2a) in the mixture: 1 H NMR (500 MHz, acetone-d 6 ) δ 7.22-7.31 (AA' m of AA'BB', 2H), 6.80-6.87 (BB' m of AA'BB', 2H), 6.36 (qd, J = 1.5, 16.0, 1H; for the J = 1.5 Hz quartet, only the inner two peaks were fully resolved), 6.11 (qd, J = 6.5, 16.0, 1H), 3.77 (s, 3H), 1.82 ppm (dd, J = 1.5, 6.5, 3H). Isomerization of eugenol using 0.10 mol% 1. Following the general procedure, eugenol 3 (83.5 mg, 0.51 mmol) and catalyst 1 (51.0 μL of 0.01 mM stock solution, 0.51 μmol, 0.10 mol%) were used. The reaction proceeded at room temperature. Manuscript Table 1 , entry 6: Isomerization of allyl tiglate. Following the general procedure, allyl tiglate 7 (74.5 mg, 0.532 mmol) and catalyst 1 (3.3 mg, 0.0054 mmol, 0.9 mol%) were used. The reaction proceeded at room temperature.
For allyl tiglate (7) in the mixture: Manuscript Table 1 , entry 1: Isomerization of estragole with PS-1. General procedure was followed using estragole (74.0 mg, 0.50 mmol), PS-1 (14.7 mg, 0.010 mmol, 2 mol%), and tetrakis(trimethylsilyl)methane as internal standard. The reaction proceeded at room temperature. Manuscript Table 1 , entry 1: Isomerization of estragole with PSL-1. General procedure was followed using estragole (74.1 mg, 0.50 mmol), PSL-1 (15.5 mg, 0.010 mmol, 2 mol%), and tetrakis(trimethylsilyl)methane as internal standard. The reaction proceeded at room temperature. Manuscript Table 1 , entry 2: Isomerization of eugenol with PSL-1. General procedure was followed using eugenol (25.1 mg, 0.15 mmol), PSL-1 (2.3 mg, 1.5 x 10 -3 mmol, 1 mol%), and 1,4-dioxane was used as internal standard. The reaction proceeded at room temperature. 
Substrate synthesis

Synthesis of methyl eugenol:
A pear bottomed flask (200 mL) equipped with a magnetic stir bar was charged with eugenol (2.257 g, 0.0137 mmol, 1 equiv) and acetone (60 mL) was added. Potassium carbonate (3.800 g, 0.0275 mmol, 2 equiv) was added to the stirring mixture which turned a vibrant yellow color. Methyl iodide was added (2.342 g, 0.0165 mmol, 1.20 equiv). The flask was equipped with a reflux condenser and N 2 adaptor, and was placed in an oil bath (62 o C) for 19 hours. The volatiles were removed and methylene chloride (90 mL) and H 2 O (75 mL) were added to wash the organic layer, followed by an extraction of the aqueous layer using CH 2 Cl 2 (45 mL). The organic fractions were combined and washed with 1M NaOH (6 x 65 mL each), saturated brine solution (2 x 50 mL), and dried over MgSO 4 . After filtration, the volatiles were removed and the residue purified on a column (3 ½ inch x 1 inch dimensions) packed with basic alumina and eluted using pentane to afford 1.92 g (78.2% yield) of methyl eugenol.
Manuscript Scheme 2: Large Scale Isomerizations Using Catalyst 1 Under Neat Conditions
Estragole to (E)-Anethole: In a glove box, a 25 mL round bottomed flask equipped with a magnetic stir bar was added estragole (5.0 g, 0.034 mol), capped with a rubber septum, and brought out of the glove box. In an inert atmosphere glove box, catalyst 1 (21.5 mg, 0.0356 mmol, 0.1 mol%) was measured into a vial, which was capped and brought out of the glove box. The septum was removed from the reaction flask and the catalyst was quickly added, followed by bubbling nitrogen through the liquid to remove any air that had entered. Aliquots (ca. 5 μL) were removed from the reaction at 5, 10, 20, 30, and 45 minutes using a gastight syringe and analyzed by 
Eugenol to (E)-Isoeugenol:
In a glove box, a 50 mL round bottomed flask equipped with a magnetic stir bar was added eugenol (16.43 g, 0.1 mol), capped with a rubber septum, and removed from the glove box. In an inert atmosphere glove box, catalyst 1 (60.5 mg, 0.101 mmol, 0.1 mol%) was measured into a scintillation vial, capped, and brought out of the glove box. The septum was removed from the reaction flask and the catalyst was quickly added, followed by bubbling nitrogen through the liquid to remove any air that had entered. Aliquots (ca. 5 μL) were removed from the reaction at 5, 10, and 20 minutes using a gastight syringe and analyzed by 1 H NMR for completion. Full conversion of eugenol to (E)-isoeugenol occurred after 20 minutes, and the product was isolated by vacuum distillation (2 torr, 98 o C) to afford 15.76 g (95.9%) of (E)-isoeugenol as a clear, colorless oil. To accurately determine amount of starting material remaining, 105.1 mg of the distillate was weighed out in an NMR tube containing 0.5-0.7 mL CDCl 3 and analyzed by 1 H NMR; percentages were calculated assuming a two-component mixture (eugenol/isoeugenol), using residual chloroform peak as internal standard. Peaks used: eugenol 5.11 ppm (2H), 3.34 ppm (2H); isoeugenol 6.36 ppm (1H), 6.12 ppm (1H), 1.90 ppm (3H). 
Manuscript Scheme 3: Large Scale Isomerization of Essential Oils Using Catalyst 1
Clove Oil: A50 mL round bottomed flask equipped with a magnetic stir bar was added clove oil (3.29 g, 0.02 mol assuming 100% eugenol), capped with a rubber septum, and purged with N 2 to deoxygenate oil and head space of flask. In an inert atmosphere glove box, catalyst 1 (60.8 mg, 0.101 mol, 0.5 mol%) was also measured into a scintillation vial, capped, and brought out of the glove box. The septum was removed from the reaction flask and the catalyst was quickly added, followed by bubbling nitrogen through the liquid to remove any air that had entered. Aliquots (ca. 5 μL) were removed from the reaction at 5 and 10 minutes using a gastight syringe and analyzed by 1 H NMR for completion. Full conversion of clove oil to (E)-isoeugenol occurred after 10 minutes, and the product was isolated by vacuum distillation (750 torr, 67 o C) to afford 2.90 g (88.3%) of (E)-isoeugenol as a clear, colorless oil. To accurately determine amount of starting material remaining, 102.1 mg of the distillate was weighed out in an NMR tube containing 0.5-0.7 mL CDCl 3 and analyzed by 1 H NMR; percentages were calculated assuming a two-component mixture (eugenol/isoeugenol). Peaks used: eugenol 5.11 ppm (2H), 3.34 ppm (2H); isoeugenol 6.36 ppm (1H), 6.12 ppm (1H), 1.90 ppm (3H). Sassafras Oil: A 25 mL round bottomed flask equipped with a magnetic stir bar was added clove oil (3.26 g, 0.02 mol assuming 100% safrole), capped with a rubber septum, and purged with N 2 to deoxygenate oil and head space of flask. In an inert atmosphere glove box, catalyst 1 (60.6 mg, 0.100 mol, 0.5 mol%) was measured into a scintillation vial, capped, and brought out of the glove box. The septum was removed from the reaction flask and the catalyst was quickly added, followed by bubbling nitrogen through the liquid to remove any air that had entered. Aliquots (ca. 5 μL) were removed from the reaction at 5, 10, 20, and 30 minutes using a gastight syringe and analyzed by 1 H NMR for completion. Full conversion of sassafras oil to (E)-isosafrole occurred after 30 minutes, and the product was isolated by vacuum distillation (750 mtorr, 60 o C) to afford 2.86 g (87.9%) of (E)-isosafrole as a clear, colorless oil. To accurately determine amount of starting material remaining, 102.1 mg of the distillate was weighed out in an NMR tube containing 0.5-0.7 mL CDCl 3 and analyzed by 1 H NMR; percentages were calculated assuming a two-component mixture (safrole/isosafrole). Peaks used: safrole 5.11 ppm (2H), 3.36 ppm (2H); isosafrole 6.39 ppm (1H), 6.13 ppm (1H), 1.92 ppm (3H) Eugenol to (E)-isoeugenol using PS-1: Inside the glovebox, in a small polyethylene mesh bag, PS-1 (149.1 mg, 0.102 mmol) was weighed out, and the bag rolled up and secured with copper wire (see photos below for more detail). Eugenol 3 for cycle I was weighed out in a scintillation vial equipped with a magnetic stir bar and fitted with a Teflon lined cap. The bag was lowered into the vial, becoming partially submerged into the liquid substrate, where some substrate is absorbed via capillary action into the porous bag. The capped vial was removed from the glove box and submerged into an oil bath (70 o C). After 24 hours, the vial was transferred into the glove box and an aliquot (ca. 5 μL) was removed and analyzed by 1 H NMR. Upon completion, eugenol for cycle II was weighed out into a scintillation vial equipped with magnetic stir bar where the polyethylene bag containing the PS-1 catalyst was transferred from the first vial into the second vial. Each subsequent cycle were performed as described. After completion of the cycles, the vials containing the isomerized product were weighed to determine yield. To accurately determine amount of starting material remaining, larger aliquots (~100 mg) were weighed out in an NMR tube containing 0.5-0.7 mL CDCl 3 and were analyzed by 1 H NMR; percentages were calculated assuming a two-component mixture (eugenol/isoeugenol). Peaks used: eugenol 5.11 ppm (2H), 3.34 ppm (2H); isoeugenol 6.36 ppm (1H), 6.12 ppm (1H), 1.90 ppm (3H). for (Z)-isoeugenol were hard to detect because of overlap with large signals. In particular, the phenolic H gave rise to a large signal that overlapped the possible d of q centered at 5.69 ppm reported 3 for (Z)-isoeugenol. Therefore, the 100.4 mg sample from cycle III above in CDCl 3 (1 mL) was shaken with D 2 O (246.8 mg and an additional 608.7 mg, 20.2 + 49.7 equiv), followed by separation of the CDCl 3 phase for analysis. The lessening the phenolic OH signal was similar to that seen for the sample described on page 24 above. Unlike the sample described on page 24 above, no peaks besides the residual, small phenolic O-H peak could be seen. Conclusion: no (Z)-isoeugenol was present, with an estimated detection limit of 0.1%, meaning composition of the distillate was 1.6% eugenol and 98.4% (E)-isoeugenol as listed in the last row of table S25 above.
Eugenol to (E)-isoeugenol using PSL-1: Inside the glovebox, in a small polyethylene mesh bag, PSL-1 (150.1 mg, 0.0971 mmol) was weighed out, and the bag rolled up and secured with copper wire (see photos below for more detail). Eugenol 3 for cycle I was weighed out in a scintillation vial equipped with a magnetic stir bar and fitted with a Teflon lined cap. The bag was lowered into the vial, becoming partially submerged into the liquid substrate, where some substrate is absorbed via capillary action into the porous bag. The capped vial was removed from the glove box and submerged into an oil bath (70 o C). After 24 hours, the vial was transferred into the glove box and an aliquot (ca. 5 μL) was removed and analyzed by 1 H NMR. Upon completion, eugenol for cycle II was weighed out into a scintillation vial equipped with magnetic stir bar where the polyethylene bag containing the PSL-1 catalyst was transferred from the first vial into the second vial. Each subsequent cycle were performed as described, except for cycle IV, which was checked by 1 H NMR as described above after 24 h, 48 h, and 65 h; NMR showed 85% conversion to isoeugenol after 24 h, 97.5% after 48 h, and no detectable eugenol after 65 h After completion of the cycles, the vials containing the isomerized product were weighed to determine yield. To accurately determine amount of starting material remaining, larger aliquots (~100 mg) were weighed out in an NMR tube containing 0.5-0.7 mL CDCl 3 and were analyzed by 1 H NMR; percentages were calculated assuming a two-component mixture (eugenol/isoeugenol). Peaks used: eugenol 5.11 ppm (2H), 3.34 ppm (2H); isoeugenol 6.36 ppm (1H), 6.12 ppm (1H), 1.90 ppm (3H). Eugenol (freshly distilled) to (E)-isoeugenol using PSL-1: Inside the glovebox, in a small polyethylene mesh bag, PSL-1 (120.1 mg, 0.07767 mmol) was weighed out, and the bag rolled up and secured with copper wire (see photos below for more detail). Freshly distilled eugenol 3 for cycle I was weighed out in a scintillation vial equipped with a magnetic stir bar and fitted with a Teflon lined cap. The bag was lowered into the vial, becoming partially submerged into the liquid substrate, where some substrate is absorbed via capillary action into the porous bag. The capped vial was removed from the glove box and submerged into an oil bath (70 o C). After 24 hours, the vial was transferred into the glove box and an aliquot (ca. 5 μL) was removed and analyzed by 1 H NMR. Upon completion, eugenol for cycle II was weighed out into a scintillation vial equipped with magnetic stir bar where the polyethylene bag containing the PSL-1 catalyst was transferred from the first vial into the second vial. Each subsequent cycle were performed as described, except for cycle VII, which was checked by 1 H NMR after 18 h and determined to be complete, and for cycle X, which was checked by 1 H NMR as described above after 24 h and 48 h, 1 H NMR showed 85% conversion to isoeugenol after 24 h and no detectable eugenol after 48 h. After completion of the cycles, the vials containing the isomerized product were weighed to determine yield. To accurately determine amount of starting material remaining, larger aliquots (~100 mg) were weighed out in an NMR tube containing 0.5-0.7 mL CDCl 3 and were analyzed by 1 H NMR; percentages were calculated assuming a two-component mixture (eugenol/isoeugenol). Peaks used: eugenol 5.11 ppm (2H), 3.34 ppm (2H); isoeugenol 6.36 ppm (1H), 6.12 ppm (1H), 1.90 ppm (3H). 
